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Calcium channel blockers are among the first-line drugs for treatment of hypertension (HTN). S-amlodipine (S-AM), an S-
enantiomer of amlodipine, is available in India and in other countries like China, Korea, Russia, Ukraine, and Nepal. Being clinically
researched for nearly two decades, we performed in-depth review of S-AM. This review discusses clinical evidence from total 42
studies (26 randomized controlled trials, 14 observational studies, and 2 meta-analyses) corroborating over 7400 patients treated
with S-AM. Efficacy and safety of S-AM in HTN in comparison to racemic amlodipine, used as monotherapy and in combination
with other antihypertensives, efficacy in angina, and pleiotropic benefits with S-AM, are discussed in this review.

1. Introduction

Management of hypertension (HTN) involves different ther-
apeutic approaches. Among the medications for treating
HTN, calcium channel blockers (CCBs) are one of the
first-line agents as recommended by recent Joint National
Committee 8 (JNC-8) guidelines [1]. Besides efficacy, occur-
rence of adverse effects (AEs) plays an important role in
maintaining adherence with medications [2]. Occurrence of
peripheral edema is the major reason for poor adherence
with amlodipine. The Anglo-Scandinavian Cardiac Out-
comes Trial-Blood Pressure Lowering Arm (ASCOT-BPLA)
[3] reported peripheral edema in 23% patients receiving
amlodipine. This suggests that nearly 1 out of 4 patients
treated with amlodipine may develop peripheral edema.
Conventionally used amlodipine is a mix of S- and R-
enantiomers. Development of separate enantiomers improves
pharmacokinetics (PK) and avoids undesirable AEs [4]. From

R- and S-isomers of amlodipine, S-enantiomer has nearly
1000 times greater affinity for the receptor site. Further, S-
amlodipine (S-AM) has less variable PK, lower intrasubject
variation, and longer half-life [5]. S-AM is equally efficacious
at half-dose with better tolerability and lesser incidence of
peripheral edema than racemic amlodipine (Amlo) [6].

S-AM is marketed world-wide. The central drugs stan-
dards control organization (CDSCO), India, approved S-AM
on 16 August 2002 for its use in HTN [7]. Globally, S-AM
has been approved and is being used in countries like China
[8], Korea [9], Ukraine [10], Philippines [11], and Nepal [12].
Besides these, S-AM is marketed in nearly 47 countries [13].
Since S-AM approval in China (1999) [14] and in India (2002)
[7], it has been studied extensively. As being researched for
nearly two decades, we performed an in-depth review of
clinical evidence of S-amlodipine and provided key summary
with identification of areas for further research.
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2. Search Methodology and Literature Details

We performed search using terms “S-Amlodipine” or
“levamlodipine” across electronic databases like PUBMED,
Google Scholar, and clinical trials registry, http://www
.clinicaltrials.gov. Additionally, a general search at Google
search engine was performed. Clinical studies including
randomized trials and observational and postmarketing stud-
ies before June 2017 were included in the review. Journals
articles available only as print copies were also included in
the review. For non-English literature articles, information
available from the abstracts was captured.

After an extensive search, we included total 42 studies.
In these, 26 were RCTs (20 monotherapy and 6 combination
studies), 14 were observational studies (13 monotherapy stud-
ies and 1 combination study) and two were meta-analyses.
From these, a maximum number of studies (n = 18) were
from China followed by 11 from India, 6 from Korea, 3 each
from Russia and Ukraine, and one from Sri Lanka. Combined
from all the studies, over 7400 patients had received S-AM
either alone or in combination with other antihypertensives.
In these studies, racemic amlodipine was the major com-
parator in 26 studies and in two meta-analyses as well. As
monotherapy and/or combination therapy, other compara-
tor molecules from 10 studies were lercanidipine (Lercan),
nifedipine sustained release (Nifed-SR), cilnidipine (CLD),
ramipril (Rami), enalapril (Enala), losartan (Los), telmisartan
(Telmi), and indapamide. In five observational studies, there
was no comparator to S-AM. In two combination studies, the
combination treatment was compared to S-AM monotherapy.

3. S-Amlodipine in Hypertension

For its use in HTN, S-AM has been evaluated in various
RCTs (total 22) and observational studies (total 9) either as
monotherapy (total 25) or in combination (total 6 RCTs only).
Two meta-analyses were performed in 2010 and 2015 with 15
and 8 studies of S-AM (levamlodipine), respectively. Major
findings from the RCTs, observational studies, and meta-
analyses are summarized in Tables 1, 2, and 3, respectively.
Most of these studies were comparing S-AM (2.5 to 5 mg)
to racemic amlodipine (5 to 10 mg) and found near equal
antihypertensive efficacy with lower incidence of side effects.
Two RCTs especially evaluated ankle (peripheral) edema with
S-AM in comparison to Amlo and reported significantly
lower incidence of edema with better tolerability of S-AM [15,
16]. Besides racemic amlodipine, S-AM was compared to ler-
canidipine [17, 18] and ramipril [19] in three trials. S-AM had
nearly similar efficacy and tolerability to lercanidipine. How-
ever, its efficacy and safety were better than that of ramipril
(Table 1). A study from Chen et al. [20] needs a special men-
tion as they compared higher-dose (5 mg) to the lower-dose
(2.5mg) of S-AM (Table 1). After 8-week treatment, 24-hour
ambulatory systolic BP (SBP) reduction was significantly
greater in 5 mg group than in 2.5 mg of S-AM (between group
difference: 2.1 mmHg, p = 0.02). However, 24-hour diastolic
BP (DBP) reduction was similar (between group difference:
0.9mmHg, p = 0.17). Interestingly, the incidence of overall
AEs was similar (20.0% versus 17.0%, resp., p = 0.05) in both
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groups and proportion of individual AEs was nearly equal in
both doses. This perpetuates that S-AM can be safely used of
high-dose of 5 mg per day with incremental efficacy.

All nine observational studies were monotherapy trials
(Table 2). In these, racemic amlodipine was comparator in
four studies, lercanidipine in one, and cilnidipine in one trial.
Four studies were single arm trials with no comparator. Four
studies without any comparator, the safety and efficacy of
S-amlodipine (SESA) studies, were the postmarketing trials
that reported significant BP reduction with significantly less
or no occurrence of pedal edema in Indian hypertensive
patients (Table 2) [21-24]. Occurrence of edema with S-AM in
comparison to Amlo and cilnidipine was evaluated in another
observational study from India. Incidence of peripheral
edema with S-AM and cilnidipine was significantly lower
than racemic amlodipine in males (6.7% and 0.0% versus
36.7%, resp.) and in females (10.0% and 3.3% versus 43.3%,
resp.) (p < 0.001 for both drug comparisons in either gender)
(Table 2) [25].

S-AM was also assessed in combination with other anti-
hypertensives like atenolol [26, 27] and telmisartan [28, 29]
and in patients receiving both angiotensin converting enzyme
inhibitor or angiotensin receptor blocker (ACEI/ARB) and
beta blocker (BB) [16]. In studies of combination with
atenolol and ACEI/ARB + BB, S-AM had similar antihyper-
tensive efficacy compared to racemic amlodipine (Table 1).
However, in two separate studies, combination of S-AM
and telmisartan (40-80 mg) was associated with greater BP
reduction compared to monotherapy of telmisartan 80 mg
or S-AM 2.5 mg (Table 1). Tolerability of telmisartan-based
combinations was reported to be similar or better than the
comparative monotherapy treatments (Table 1).

In a meta-analysis (Table 3) of 15 trials, Liu et al. [30]
reported similar effect of S-AM (2.5 mg) on BP compared to
racemic amlodipine (5mg). From three high-quality RCTs
included in the meta-analysis, weighted mean difference
(WMD) of SBP and DBP was —2.84 (95% confidence interval
(CI), =6.42 to 0.74) and —171 (95% CI, —3.48 to 0.06),
respectively, after 4-week treatment (one RCT) whereas it
was —1.13 (95% CI, —5.29 to 3.03) and -1.34 (95% CI, —2.67
to -0.01), respectively, after 8-week treatment (two RCTs).
Further, S-Amlo was associated with significantly less edema
than racemic amlodipine (risk difference, -0.02; 95% ClI,
—0.03 to 0.00). Another meta-analysis performed recently by
Zhao and Chen [31] involving 1456 patients from eight studies
reported that levamlodipine (S-AM) was efficacious (odds
ratio (OR) 2.19, 95% CI 1.61-2.97; p < 0.01) and safer (OR
0.51, 95% CI 0.34-0.77; p < 0.01) than racemic amlodipine.
Thus, available evidence from RCTs, observational studies,
and meta-analyses finds equivalent BP lowering efficacy of
S-AM against racemic amlodipine with better tolerability.
Incidence of pedal edema is found to be significantly lesser
with S-AM than racemic amlodipine.

4. S-Amlodipine in Angina

The antianginal effects of racemic amlodipine are known.
Systemic vasodilation with reduction afterload reducing car-
diac workload and dilatation of coronary vasculature and


http://www.clinicaltrials.gov/
http://www.clinicaltrials.gov/

International Journal of Hypertension

UON

61'¢8 01 81'66 SA 8T'¢8 01 8%'86 ‘I
LIET
03 €T°8GT SA OG'TET 03 9T°9ST :ddS
ur agueyd uedA

44

(01-9) orury

§-6C

euryD

[2S] (8007) Te 32 nyZ

S9oUAIAYIP JuedYIUSIS ON

o[ury 0} IOLIdJUI-uou V-
876 F 9SFI-SA 6'8 F ¢LF1- :ddd
LY TLF YT ST—SASS'IL F LTHC— :ddS

09/8¢

() oqury

ST

©IOY]

[15] (8007) ‘Te 32 oeg

0 SA T :IoqUINN

19°S8/0T°F€1 03 0€°66/0€ 791 -O[WY
£8'18/0L°TET 03 TT86/0¢°S9T -INV-S

9¢/9¢

(01-9) orury

§-6C

euryD

[0s] (9007) Sueyz

SUON

SO'EI—/FT 61— SA I€P1—/L8"61— Bumis
€C€1-/¥T 61—
SA 66°€1-/69°61— :ourdng
9L TI—/FT'61—
SA €9°€1—/7T 61— ‘Sutpuelg
(orury
SA INV-S) d9d/dgs Jo 28ueyp ueapy

16/L6

() orury

ST

eIpuy

[67] (¥007) Te 32 Yeyled

UON

0'ST—/¥7'TT— SA 9£°€1—/9T'0Z— Sumis
P'E1-/7€°TC— SA QT'EI— /'~ outdng
YT EI-/96' 10—
SA 7L'T1-/9°T¢— Sutpuelg
(orury
SA INV-S) d9/dgs Jo 28ueyd ueapy

St/st

() orury

ST

erpuy

[8%] (£007) Tejrad]

JUON

8T ¥1-/90°€T—

SA LT'P1—/98°97— :Bumig
89'¢T—/¥0TT—

SA LT'P1-/€TLT— outdng
YrEI-/9'TC-

$A 80°€1—/17"y¢— :Surpuels
(orury
SA INV-S) d9d/dds Jo d8ueyo ueay

St/st

(5) opury

ST

BIpu]

[£¥] (2002)
Y31 pue YIewaIIH

JNV-S YIM IOP[IW DOUIYPIP ON

jusreamby

09/09

(01-9) oy

§-6C

euryD

[9¥] (z00T) Te 32 SuayD

AN

juareamby

0¥1/0¥%1

() ojury

K4

euryD

[s¥] (z00T) Sueg

VN

jusreamby

0¢/0€

() ojury

K4

euryD

[#¥] (1007) Te 32 nr]

(91=
u) saipns Adviayjouopy

SHV

Koeoge aarsuayrodAynuy

u

(Suw)
10jeredwon)

(3ur)
NYV-S

Anunon

(1eak) ToyIny

‘uorsua)1adAy ur surdipoyure-g Jo s[er) Pa[[OIIUOd PIZIWOPUERY ‘[ TTLV],



International Journal of Hypertension

(000> d) %ecs8
SA 9%/°6/ :ddARdIS
%TH6 SA %0FS :ddd

(500 = d) 0°0T SA %071 %806 SA %818 :ddS 8 097/€9C (S) WV-S )4 'UIYD [0z] (£107) Te 30 uayD
JUWRAIIYDE J¢ 3981e],
(Lro=4d)sysage:ddd
(200 = d) 1'8 54 0'9 :ddS
(6000 > d) 200 . er_
—SA — a8ueyd
4. 97°0 OV FBueyd> weaw V- A a pe/vs (s) oqury st vl [sg] (107) e 10 tpeATRg
£ g 6'9C— SA §'7¢— PsueyYd 4dS
YIM 1oMO] Apuedyrudis ewapy
(50°0 > d) %¢€08
(500 > d) %€08I SA 948°T6 :oye1 asuodsal [[e19AQ i
SA 95959 TTV-S UIM 1OMO] sdnois VN 19/19 US-PIN VN 'UIYD [¥<] (€107) oeyz
SHOQ ur 4g ur GOEUS@DH HCNU@MEMMW
(1600 = d)
(820°0 = d “Tw 97’0/~ :22UdIPIP 18°G ¥+ 88°0I—SA¥6'9 F 1L ¥I— :ddds
AdV) JNV-S Y)IM BWAPd (¢Lro=4d) ua LLULT (01-¢) orury ST ©II10Y] [s1] (2102) e 32 YO
apjue ur Juswasoxdwr Juedyrusig 6811 F C8°9C— SA9L'8 F C8'TIC— :ddSS
adued ueay
JNV-S YIM IOP[IA juareamby 8 06/06 (01-5) oy 6T BUIYD (¢S] (z10T) 248uays
(£10°0 = d) %¥F'19
SA % ¢°T8 9181 UOLRZI[EUWLIOU J¢
(€200 =4d)
(T10°0 = d) %TH1 SA %8S 8€L T 96— SATOL T LTI :ddd 8 0L/89 (5-'7) rwey ST ©II0Y L1611 (T107) T8 30 wny
(L0 =d)
96T + €¥I—SAT6L + I'81— :ddS
adueyd ueay
89'8 + €6'CI—SA LO'8 + €O'¥I—:dddS
QUON SPL+ €6'61—SA9CT + S 0C— :ddSS 8 67/T¢ uedra] eC B0 [£1] (0102) 'Te 32 unox
aSued uedy
(s>o0m) (Su) (Sur)
sV Koeoyge aarsuaradAynuy woneng u torereduon Y-S A1yunon (1eak) ToyIny

‘panunuo)) : ATV,



International Journal of Hypertension

"SUOTJEIIPAWT APNIS YIIM PI[[0IIUOIUN PIUTLUIdI J¢ JI SIUIWILI)
0] pappe sem Sw 7] SUOPI[RYIIONY , {SI[RLIY Afuo , ‘uelIesIWR) [, pue Kyqerres Jqs :AddsS ‘dd d103s4s :JgS Quidipoqure-g [AY-S ‘WOIONPAI YSLI Y ‘WONONPAI YSLI dANR[I Yy ‘Pariodar jou N O[qe[rese
JOU 1y N ‘9Sea]aI pauTeisns suIdIpajru JS-pajIN ‘ueaur arenbs 1sea] ;ST OFel 118y YH ‘UOTJRUIqUIOD dSOP-Paxy D (] 5_:@@:“\, d9a :Ad9d dd d1oiserp :dqd @anssaxd poo[q : g Tox00[q ©I2q :gq ‘[O[oudle Iy
UOT)INPAI YSLI N[0S YV DUIdIPOTUIL DTUIIILT :0[WY “QUIN[OA JOOJ-IP[UR A JV ‘S)29J2 9SIIAPE STV T10[q 101d0ar1 ursusjordue/1031qryur dWAZUa SUNILAUO0D UISU)OISUR (T V/[DV @IUIJWNIID P UL (DY

ofury
ym (9€0°0 = d) 21008 BUIAPD
pasexjuanyed 3 (8¢0°0 = d)

%8986 (99 + 9IV/1I0V] [91]

1028 eUap BUMA WHASCIUL (g, .0 -requung vy siopuodsay ot 0/5z (1) ey oot PIETES - (9107) e 10 Aynedderen
%I'ST AV
{(10€0°0 = d) %IS 9%
SA OF'T¢ rewopa Sumtd maN
%9811 SA %89°0% ‘%65 'SE
106> 10 Op1> dg 19811 SulAdIYOY [Sw08/5T
%9°TT (yr0q 10J 1000°0 > @) i 10 pue 0%/S7 :0ad
SA 9%0°0T ‘%9°81 :SIUIIPIP ON 9LT— SA 85°6— TI'8— :ddd 8 /09719 (08) L emet A NV-S + UelIesIW |
PP 7—SATETI- ‘9501 ddS [62] (9107) Te 30 N1eq
08. SA 0F/S B 0%/ST
%€€°8T $A (€000°0 = @)
%99°09 ‘(¥000°0 = d) %TE 09
Byww 6> 10 0F1> dg Surasrpy
(100070 > d)
64'S— Pue (20000 = d) €£7—:d9d [08/5'T pue
%L8°LT SA (T€90°0 = d) (10000 > @) ) . 0%/5°T :(878-AID) DAL
- ©3I0
%67 V1 (98000 = ) %TS'6 19°— pue (8200°0 = d) F€H— :ddS 8 19/£9/€9 STINV'S se A NV-S + UelIesTWa] |
:98ueyd UBIW UT SOOUAIPIJ [82] (9107) Te 32 Wy

€6'F—SATLOI- L96— :ddd
GGF— SA 6L°€T— ‘68°CI— *ddS
STINV-S sA 0F/9
% 0F/S'Z :sdnoid ur adueydp JN UedA
AddS pue Addd Y-v¢
44s Suruwrowr xomof Apuesoyrudig [ueyresaqig
+ opruredepuy

$YooM 7 IV ~
VN opruwredepuy ueyy NV-S YIm ve-a €8 opruredepu] VN PO SA UB)IeSaqQI] + JNV-S]
AdES dwn-Aep ‘Adgd Y- 1omo] [9¢] (€107) oer pue ny
SYooM $T pUe 711V
¥—sAa¢—¥H
. €G- SA¢L-:ddd . . ofouay+] (LT
9T SA § tIdqUINN [ 71— SA 6-C[— €S 1€ ‘[el0], (g) orury ST RISSTIY (€102) W HW m>oE~_L£>_H
uonONPaI ST
2OUIAYPIP JULdYIUSIS-UON .
9%E'TE SA %6'TC € sA 87 :ddd : [w 05 [o[ouIy+] [97]
o[wr eIpu
:9OUIAPIP ON 0F SA 0% :d9S v cefte (s) orury &7 Pl (£102) Te 32 ypueueley
aSueyd uespy
(9=
U) Sa1pnjg UODUIQUIOD)
(Syoam) (Sur) (8ur)
STV Koeorge aarsuaredAynuy woneang u torereduon, Y-S Anuno)H (1eak) zoyImy

‘panunuoy) : A19V],



International Journal of Hypertension

dd d1[03s4s :ggs pue ourdipojury-g jo Aveorge pue £3a5es 1y SHS ‘Qurdrpo[ure-g A Y-S ‘UONONPAI YSLI JANB[I Y O[qe[eAe Jou :yN @anssaid
[elI9)Te URSWI J YA ‘So[eul :JA ‘Qurdipruesia] :rued1d] uorsua)radAy N H 9IeI 118y NJH ‘Sa[ewd) o ‘Jg d1oiserp :Jgg uidipruyd 1D @inssaid poolq :Jg Quidipo[ure JTwadel :0[uy ‘$)09[Jd ISIIAPE STy

%E'€ PUB %€ ¢H SA %0°01 *J amﬂws
9%0°0 PU® %L '9¢ SA %L°9 TN AN a 09/09/09 e -6 eIpu| [s2] (9107) Te 30 Lyweyoy
BUWAPH JO dUIPIOUT STMV oy
Ayisaqo yim NILH .
TURDI] IIM J9OMO] ur qg Surnpar ur A>eoygs reqrug VN VN TuedId| VN RISSTIY [81] (€107) Te 12 [eAOY]
: JAV-S JO 3sOp Tomo] .
NV-S U3Mm 198597 SUIT 7 (I UORONpaI gg [2nba VN 436 o[ury VN auren| [6S] (6007)Te 32 rAOYISIS
dVIN 2wmy3IN
dVIN swndeq
ELN ur £>esys [enbg i4 01/01 (o1) ojury S eIpup [8S] (£007) nseg
78 01 T8 SNSIOA G2/ 03 T'66 *ddd
7°TET 03 9LST SNSIA F0€T 03 ' HST *ddS
dg awmysIN
dg pwndeq
d4g Aqrep a8eroay
ur
0487 SNSIA e B . .
%9 MNEOﬁw Quuﬂ&ﬁmm uonsnpax uﬁmum.chm.Ww mQﬂOum yoq uy 71 wm\oo AO~ mv O~E< 01-97 wﬁﬁmuvﬁb :m_ ANOONV ﬂm Jo .@Ouﬁom
0
STISIOA 9¢€°€8 :06/0F1> JO 3931,
01— sns1aA £'¢1- :ddd
T'6¢— SnsIdA £ 0¢— :ddS
30q 10§ 1000°0 > ¢
JUON TTTY/TEL 03 §S'66/8L°69T :Bwr g id 0¢ - 6T eIpU] [¥2] (£00T) VAI-VSAS
98°08/£5'8T1 03 8T°76/8%°0S1 Bui gz
(10000 > d) L8F— qH
%LL'T ewapy (1000°0 > d) 8T°¢I- :ddd i4 9£01 - §-ST eIpu] [€2] (£00T) AI-VSHS
(10000 > d) LTHT~:ddS
. 16°¢— MH
%P"S6 Y ‘SIS %¢6 e B _c -
ewapo [epad ur uoTINPaY MM.MN |mmm i 0€TT §-ST erpur [c2] (s002) II-VSdS
N 4304 10§ 1000°0 > & She s
0, Huie)
swnso.ﬁ ﬁswm 98/LE1 0} LOT/6L1 :8W G i4 PIST ST - S-ST eIpu] [12] (€002) VS4S
’ ¥8/6T1 03 001/191 Bw ' 6581
(Sye9m) (Sur) (Sur)
SV >u«um®o aarsuaradAynuy P u 1oyeredwion WV-S A1yunon (1eak) ToyIny

‘uotsuaytodAy ur surdrpoyure-g Jo SaIpn)s [BUONBAIISqQ g HIGV],



International Journal of Hypertension

d4g u:oum% :dgs pue Quidipo[wre-g ;Y-S OOUIIPIP YSII :(TY ‘01T SPPO O Q[qe[IeAr Jou 1y N ‘dd d103serp :Jgd @Inssaid poojq :Jg ‘QuidIpo[ure JTWadel :0[WY ‘$}09)d ISIOAPE STV

(100 > d) 15040 (100 > d) 61'2 WO 01wy

STV JO el 1omo[ Apuedytudis  ueyy Y-S Jo Aoeorye 193309 Apueoyrudig VN VCLITEL ST 8 oy VN e [ie] (S107) ueyd pue oeyz
€CT—/8ET— YoM §
¥0°0— :Anfenb [LT-/$8C— YoM ¥

YSIH %0°0— :S[e [[e :qy e 49d/ddsS Ut 2sea109p 0v-¥ STern) 61 () orury ST BUIYD [o€] (0107) T30 NI'T

<TR[IWIIS 10} QINM :srern Anenb-ySy AuQ
Aoeorye JeqruiIg :S[ern [[y
(Syo9m) (Su) (Sur)
sy Koeorpga aatsualradAynuy woneang u torereduion V- Anuno) (1e2A) TOUINY

‘uotsuaytodAy ur surdrpoyure-g Jo sasA[eue-eIaN ¢ HTAV],



reduction in cardiac oxygen consumption underlie the relief
in anginal cases. Being an isomer of amlodipine, S-AM
has also shown efficacy in angina. In SESA-Angina study
(2005) [32] conducted in India, patients of ischemic heart
disease (IHD) with history of angina and positive stress test
(n = 25) were included. No other concomitant treatments
were allowed during the treatment period of 8 weeks. S-
AM (2.5-5mg/d) treatment was associated with significant
reduction in average number angina attacks in every 15
days (p < 0.0001) and significant improvement in anginal
symptoms (94.1%). After treatment, there was significant
increase in exercise capacity (p < 0.0001) and nonsignificant
increase in time required for 1.5 mm ST-segment depression
(p = 0.1764) and maximum workload achieved (p = 0.1170).
No AEs were reported in any patient. This emphasizes efficacy
and safety of S-AM in management of angina.

5. S-Amlodipine and Pleiotropic Benefits

5.1. Effect on Arterial Stiffness and Endothelial Function. Effi-
cacy of S-AM for change in arterial stiffness and endothelial
function was assessed in four RCTs [33-36] and in one
observational study [37]. In a 12-week randomized study,
Liangjin et al. (2013) [33] compared levamlodipine (S-AM,
2.5-5mg, n = 40) to nifedipine sustained release (Nifed-
SR, 10 mg, n = 40) for its effect on BP variety ratio (BPVR)
and CIMT. Compared to baseline, systolic and diastolic
BPVR was significantly better with S-AM than Nifed-SR at
12 weeks. CIMT was reduced significantly with S-AM (p <
0.05) but not with Nifed-SR (Table 4). There was significant
correlation of BPVR with CIMT in S-AM group. Changes in
lipid parameters and C-reactive protein were nonsignificant
in both groups.

One RCT [34] reported significant improvements in flow
mediated dilatation [FMD)] after 6-week treatment with S-
AM and racemic amlodipine. Continued treatment for 12
weeks was found to lower serum cholesterol equally in both
groups. Guo et al. [35] reported significant improvements
in the central BP components, brachial-ankle pulse-wave
velocity (PWV), ambulatory arterial stiffness index (AASI),
and the variability of ambulatory BP in both S-AM and
racemic amlodipine treatment. However, both treatments
were not associated with significant changes in CIMT. Thus,
the benefits with S-AM on vascular function are similar
to those exerted by racemic amlodipine. In another 6-
week, randomized, crossover trial, Si et al. [36] reported
that FMD%, nitric oxide (NO) and endothelial nitric oxide
synthase (eNOS) levels were significantly improved in both
groups with no between treatment differences. Increase in
NO levels in cultured human umbilical vein endothelial cells
was significant with both treatments but more marked in
Amlo. Authors concluded that, with S-AM, probably antihy-
pertensive effect is the cause of improved vascular function
and S-AM may exert its protective effect on endothelial
function by unknown mechanism. However, a 6-month study
which assessed effects of S-AM (5-10 mg/d) and enalapril
(10-20 mg/d) combination compared to enalapril alone on
endothelial dysfunction in patients with chronic pulmonary
heart disease (CPHD) and HTN (1 = 65) observed that S-AM
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added to enalapril is associated with further improvements
in endothelial function than enalapril alone in HTN. This
was probably because of more pronounced reduction in
endothelin-1 (ET-1) level after treatment with two drugs
(3.86 + 0.24 to 1.95 + 0.19 pg/mL, p < 0.05) compared to
enalapril alone (3.32 £ 0.27 to 1.83 + 0.21 pg/mL, p < 0.05).
Therefore, though there remains uncertainty about possible
mechanisms, S-AM may exert some protection effect on
endothelium by improving eNOS levels and reducing ET-1
levels [37].

5.2. Effect on Structure and Function of Left Ventricle
and Brachial Artery. Iskenderov and Saushkina (2013) [38]
assessed S-AM (n = 61) and Amlo (n = 66) in stages 1-2 HTN
patients using left ventricular (LV) and brachial artery struc-
tural and functional parameters. After 24-week treatment, S-
AM was associated with comparable BP reduction to Amlo,
but the mean dose was significantly lower (7.5 + 0.8 versus
11.6 + 1.4mg/day; p < 0.01). Significant improvement in
LV structure and function and brachial artery function were
reported. Reductions in atherogenic lipoproteins and total
cholesterol were also significant with S-AM.

5.3. Efficacy in Renal Transplant Patients. Tang et al. (2003)
[39] observed that, in kidney transplant patients with HTN
(n = 20), S-AM (2.5 to 5mg) treatment for 2 months was
associated with significant reduction in SBP (p < 0.01), DBP
(p < 0.01), and blood nitrogen (p < 0.05) with no increase
of serum creatinine (p > 0.05). Normalization of BP was
reported in 85% of patients.

5.4. Efficacy in Insulin Resistance. In a randomized,
double-blind, prospective cohort study in type 2 diabetes
(T2D) patients, Xiao et al. [40] compared effects of S-AM
(2.5-5mg/d, n = 112) and losartan (50-100 mg/d, n = 115)
after treatment for 36 months (156 weeks). They had followed
patients at first, second, and third year of the study. Difference
in the reduction in SBP and DBP at the end of 12 months was
statistically significant between two groups. However, there
were no significant differences between the groups when
assessed at the end of 24 or 36 months. Change in fasting
insulin levels (mIU/L) and insulin sensitivity index (ISI) was
significant with both S-AM and losartan by the end of 3 years
(p < 0.05). This establishes equivalent efficacy of S-AM to
an ARB, losartan in improvement of insulin sensitivity in
patients with HTN and impaired fasting glucose.

5.5. Effect on Platelet Aggregation. In patients of HTN and
T2D, Li et al. (2013) [41] studied effect of levamlodipine on
platelet aggregation and expression of matrix metallopro-
teinase (MMP) 9 and MMP 2. In 32 patients treated, platelet
aggregation maximal assessed by coagulation instrument
TYXN-91A reduced significantly (p < 0.05) from 47.77 +
11.92 (pretreatment) to 40.78+13.97 (posttreatment). Platelet
inhibition rate was 13.50 + 25.23%. There was no effect on
levels of MMP 9 and MMP 2. This study highlights that S-
AM has potential to prevent platelet aggregation in high-risk
patients like HTN with T2D.
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6. S-Amlodipine and Pedal Edema

CCBs are associated with a considerable risk of peripheral
oedema that may reduce patient compliance or necessitate
switching to a different drug. It has been now well-established
that S-AM is associated with lower incidence of pedal edema
and improved compliance to therapy as evident from studies
discussed above. Of note is a recent RCT from Galappatthy
et al. (2016) [16] where the incidence of leg edema was
the primary outcome assessed. Patients uncontrolled with
BB and ACEI/ARB (n = 172) were randomized to S-AM
2.5-5mg (n = 86) and racemic amlodipine 5-10mg (n =
86). With S-AM, absolute risk reduction of new edema was
15.1%, relative risk reduction was 32.47%, and number needed
to treat was seven (NNT = 7). In SESA trial, edema was
resolved in 98.72% patients after switching from racemate
amlodipine to S-AM [21]. In SESA-II study done in 2230
patients with HTN, incidence of pedal edema was reported
in 41.90% patients who were taking racemic amlodipine
before switching over to S-AM [22]. When patients were
switched over to S-AM, resolution of pedal edema was
noted in 93.07%. Overall incidence of pedal edema was
1.92% with S-AM and the relative risk reduction of pedal
edema after S-AM switch was 95.4%. Thus, the evidence
convincingly suggests minimal incidence of edema with S-
AM compared to racemate amlodipine. The confirmatory
evidence is observed in a meta-analysis of 15 RCT of S-
AM where Liu et al. [30] reported that S-AM (n = 907)
was associated with significantly less edema than racemic
amlodipine (n = 897) (risk difference [RD], —0.02; 95% ClI,
—0.03 to 0.00; test for overall effect: Z = 2.20; p = 0.03).

Higher incidence of pedal edema is likely to result in
higher degree of discomfort. Therefore, use of chirally pure
S-AM would be advantageous due to lower incidence of
edema which could result in improved adherence to therapy
and hence optimum BP control. Amlodipine causes mainly
precapillary vasodilatation without proportional increase of
postcapillary blood flow, which leads to peripheral edema.
Although R-amlodipine does not have calcium channel
blocking properties, it reduces activity of postural vaso-
pressor reflex, which increases the pressure in capillary
vessels that activates egress of fluid into surrounding tissues.
Studies have shown that nitric oxide (NO) released by the
inducible nitric oxide synthase is responsible for development
of edema. R (+) amlodipine is involved in local NO formation
through the kinin pathway and this may lead to loss of
the precapillary reflex vasoconstriction and development
of edema when racemate mixture is used. S-AM at any
concentration was not found to release NO and does not
affect postural vasopressor reflex [42].

7. S-Amlodipine and Cost-Effectiveness

From China, Hu et al. (2014) [43] conducted a retrospective
cost-effectiveness analysis from two multicentre RCTs of S-
AM (2.5mg/d, n = 110) and Amlo (5mg/d, n = 104). With
4-8 weeks of treatment, efficacy rate of both drugs was similar
(84.91% and 77.45%, resp.). Cost figures observed for 1 mmHg
reduction with S-AM and Amlo were 8.1 Yuan (~1.2 $) and
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10 Yuan (~1.5 $) for SBP and 16.9 Yuan (~2.5 $) and 21.7
Yuan (~3.2 $) for DBP, respectively. Reported AEs were 4.6%
and 10.3% in two groups, respectively. Thus, study suggests
S-Amlo is more cost-effective than racemic amlodipine.

8. Summary

Compared to racemic amlodipine, S-AM had equivalent anti-
hypertensive efficacy at half-dose. Evidence suggests efficacy
of S-AM in 24-hour ambulatory BP reduction, including
day-time and nigh-time BP reduction. It was also found to
be effective in nocturnal HTN showing its effectiveness in
nondippers. Meta-analyses showed equivalent efficacy of S-
AM compared to racemic amlodipine with similar or lower
rates of AEs. Significantly lower incidence of peripheral
edema suggests a better tolerability of S-AM and absolute
risk reduction of 15.1% in peripheral edema is seen. Other-
wise, overall incidence of AEs was nearly similar with two
treatments. Compared to cilnidipine, incidence of edema
was found to be nearly similar with S-AM, whereas it
was significantly lesser in both drugs when compared to
racemic amlodipine. Higher-dose S-AM (5mg) was more
effective and equally safe as that of lower-dose (2.5mg). In
combination with telmisartan, atenolol, and enalapril, S-AM
showed greater antihypertensive effect with better safety and
tolerability. Besides HTN, S-AM was found effective and
safe in angina. It lowers numbers of attacks and improves
symptoms. S-AM had shown BP lowering efficacy in renal
transplant cases with no significant adverse effect on func-
tional renal parameters.

Besides being potent antihypertensive, S-AM showed
various pleiotropic benefits. These include improvement
in endothelial function, slowing of CIMT progression or
reversal of increased CIMT, improvement in arterial stiffness,
regression of LVH and improvement in LV diastolic function,
improvement in lipid profile, improvement in insulin sensi-
tivity, and reduction in platelet aggregation.

Analysis from China identified S-AM as the cost-
effective therapy with economic savings compared to racemic
amlodipine.

9. Limitations

Although we did extensive search of literature, there is likely
chance of missing on non-English literature not covered
under the databases searched. Most of the non-English
articles were available as abstracts only.

10. Conclusion

An equivalent antihypertensive efficacy to racemic amlodip-
ine with lesser or negligible peripheral edema proves S-
amlodipine as a cost-effective treatment option in HTN. It is
effective, safe, and well-tolerated in combination with other
antihypertensives as well. Besides HTN, its efficacy in angina
makes it suitable agent in patient with both comorbidities.
Pleiotropic benefits like improvement in endothelial function
and insulin sensitivity show its promise in patients with
comorbidities like diabetes. Given its positive effects on BP,
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endothelial function, platelet aggregation, insulin sensitivity,
and atherogenic lipids, S-AM is likely to lower the adverse
cardiovascular outcomes. The evidence from this review
clearly suggests that S-amlodipine may be considered as one
of the first-choice antihypertensive in patients with HTN
including those with heightened cardiovascular risk. Future
research should focus on cardiovascular outcomes with S-AM
in patients with HTN and other comorbidities.
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